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http://dx.doi.org/10.1016/j.kjms.201Abstract The May 23, 2011, plasticizer incident was one of the most serious food safety
issues that ever occurred in Taiwan. Most, if not all, plasticizer-contaminated food items were
due to malicious replacement of palm oil with phthalate plasticizer(s) in the cloudy-agent
formulas by two upstream manufacturers. The incumbent agencies in Taiwan took necessary
actions to minimize the harm caused by the incident and to ease the panic of the general
public. In this paper, the incident was briefly reviewed and the situations of phthalate expo-
sure in general public and pregnant women were assessed. Subsequently, the associations
between phthalates exposure and the adverse health effects, such as shortened anogenital
distance in baby boys, premature thelarche in young girls, endometriosis, adenomyosis, and
leiomyoma in women, and decreased semen quality in men, were discussed. Food safety issue
has become a worldwide concern and early detection of potential new toxicants in the foods is
indispensable. Therefore, it is imperative to establish an international network for early
warning or sentinel on food safety.
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On May 23, 2011, all major news media in Taiwan reported
the explosive news on the incident of plasticizer-
contaminated food on the market. One of the major
newspapers even described the incident in its headline as
“the biggest plasticizer-contaminated food episode
in human history [1].” The contaminated food items,
including beverages (juice, sport drinks and tea), fruit
jams/jelly, and dietary supplements, were taken off theed.
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With the widespread reports on the undesirable effects of
plasticizer intake without providing complete information
of exposure time and period (dose and dose rate), the
general public was very nervous about the possible after-
maths of carcinogenesis and sex organ malformation in
babies or young children. Such an incident has resulted in
tremendous social costs. Therefore, we review this incident
in hopes that some lessons can be learned from this scan-
dalous experience.
Prologue to the incident
Although the explosive news was reported on May 23, 2011,
the incident was initially detected 2 months earlier from
a batch of probiotics raw material by a laboratory chemist
at Taiwan’s Food and Drug Administration (TFDA). The
discovery of a high concentration (600 ppm) of di-(2-
ethylhexyl) phthalate (DEHP) from the probiotics raw
material soon led the TFDA in cooperation with local health
bureaus and prosecutor’s office to track down the first
upstream manufacturer of illicit “cloudy agents,” Yu-Shen
Chemical Company in Chung-Ho District, New Taipei City
[2]. A few days later, a second upstream manufacturer, Pin-
Han Perfumery Company of Tu-Cheng District in New Taipei
CIty, was also identified for illicitly replacing palm oil with
DEHP and diisononyl phthalate (DiNP) in the so called
“cloudy agents.”
Plasticizers as cloudy agents
Plasticizers are added to plastics to increase their flexi-
bility, durability, and pliability. Phthalates, which are the
most widely used plasticizers in polyvinyl chloride (PVC)
plastics, can be found in toys, food packages, paints,
pharmaceuticals, medical devices, catheters, blood trans-
fusion devices, personal-care products, cosmetics, and PVC
flooring [3,4]. Addition of “cloudy agents” in foods had
been a common practice for food processing in Taiwan.
These cloudy agents were generally a variety of formulas
served as emulsifiers to stabilize the emulsion-type foods.
The plasticizers, such as phthalates, were adulterated in
the cloudy agents for reasons of lower costs and longer
preservation time [5].
Spread of panic
After thorough investigation, it was found that Yu-Shen and
Pin-Han were the two major providers of cloudy agents in
Taiwan. These two companies manufactured cloudy agents
and dispatched to eight distributors, which in turn distrib-
uted to 186 providers of food ingredients (for fruit flavoring
powder, yogurt flavoring powder, and concentrated jam)
and 229 end-product providers (for sports drinks, fruit
juice, tablet, or a powder form of dietary supplements). As
a result, a majority of food items were contaminated with
plasticizers. These contaminated food products could be
found in most of the super markets, pharmacies, beverage
chain stores, restaurants, betel quid venders, night
markets, and bakeries [6].The affected food items were so profound that even
Taiwan President Ma Ying-Jeou admitted in an interview
that the plasticizer incident was a severe blow to public
health and Taiwan’s international image. He also urged
people not to panic over the incident. However, fear and
panic spread among the general public as plasticizer-
tainted food items were reported one after another.
Pregnant women and parents with younger children were
especially nervous for fear that their babies or kids might
have been affected by the plasticizers and developed sex
organ malformation.
Actions of the Taiwan government
Under the pressure from the public and mandate from
the Executive Yuan, the Department of Health expedited
their actions to tackle with the plasticizer issue. As of
July 20, 2011, 49,652 companies and stores were
inspected by TFDA and 29,337 food items were pulled off
the shelves [7]. Among these items, 1527.8 tons were
confiscated and destroyed. After the nationwide inspec-
tion, 1291 food products were sampled for laboratory
tests on plasticizer contamination, but no further viola-
tion was detected.
To ease the agony of the public, the Department of
Health also offered free health consultations in 119 hospi-
tals in which 4133 people sought help from May 28 through
July 19, 2011 [8].
Because the tainted foods may had been exported
to other countries, the TFDA also notified the incident to
22 countries/regions, including Argentina, Australia,
Brazil, Brunei, Canada, China, Costa Rica, Egypt,
Germany, Hong Kong, Indonesia, Japan, Macao, Malaysia,
Marshall Islands, New Zealand, the Philippines,
Singapore, South Africa, Vietnam, United Kingdom, and
the United States [8].
Epilogue
To reinforce source control of plasticizers, the Taiwan
Environmental Protection Agency (TEPA) rescheduled some
items of plasticizers from Class 4 to Class 1 (non-biode-
gradable or bioaccumulative) and Class 2 (carcinogenic,
teratogenic or mutagenic) poisons on July 20, 2011.
According to the Toxic Substances Control Act, the use of
class one to three poisons should be approved by the TEPA
and their flows are subject to the monitoring and inspection
of TEPA.
On August 8, 2011, the TFDA announced that all the
plasticizer-contaminated food items had been cleared
from the market [9]. In order to prevent contamination of
plasticizer from reoccurring, the TFDA vowed to protect
the general public with more inspection and constant risk
assessment on food safety. Meanwhile, in consultation
with the food nutrition experts, the TFDA enacted an
interim tolerable daily intake (TDI) for five commonly
used plasticizers, i.e., di-(2-ethylhexyl) phthalate
(DEHP), dibutyl phthalate (DBP), di-isononyl phthalate
(DiNP), butyl benzyl phthalate (BBP), and di-isodecyl
phthalate (DIDP) [9,10]. The interim TDI is shown in
Table 1.
Table 1 Interim TDI (mg/kgBW/day) of five plasticizers in
Taiwan.
Reference
dose (EPA, USA)
TDI
(EFSA, EU)
TDI
(TFDA)
DEHP 0.02 0.05 0.05
DBP 0.1 0.01 0.01
BBP 0.2 0.5 0.5
DiNP 0.15 0.15
DIDP 0.4 0.15
BBP Z butyl benzyl phthalate; DBP Z dibutyl phthalate;
DEHP Z di-(2-ethylhexyl)phthalate; DIDP Z di-isodecyl phtha-
late; DiNP Z di-isononyl phthalate; EFSA Z European Food
Safety Authority; TDIZ tolerable daily intake; TFDAZ Taiwan’s
Food and Drug Administration.
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There has been concern for the ubiquitous presence of
phthalates in the environment. Phthalates can leach into
our environment and food chain because they are not
covalently bound to plastics [11,12]. According to the
studies that are stated below, exposure to phthalates may
have been a long-term phenomenon in Taiwan.
Exposure assessment in general population
Microwaving food with a cover of polyvinyl chloride (PVC)
film is a common cooking practice in Taiwan. In order to
assess the migration level of phthalate from PVC films to
food, Chen and colleagues [13] conducted a simulation study
by microwaving PVC film-covered food for 3 minutes. It was
then calculated that 1705.6 mg (or 92.2% of TDI for a 60-kg
person) of DEHP would be ingested from a 400-g meal.
In the same study, more than 90% of urine samples
collected from 60 office workers were detectable for
phthalate metabolites, including monomethyl phthalate
(MMP), monobutyl phthalate (MBP), and monoethylhexyl
phthalate (MEHP) [13]. The median value of estimated
DEHP intake was 33.9 (0.1e309.6) mg/kg BW/day, which
was about three times the value observed in a German
study [14]. It was also found that 37% or 85% of the daily
DEHP intake of the study subjects exceeded the TDI
(37 mg/kg BW/day) of the European Union Scientific
Committee for Toxicity, Ecotoxicity and the Environment,
or the reference dose (200 mg/kg BW/day) of the U.S.
Environmental Protection Agency (EPA), respectively [14].
Because the study was initiated in 2004, the results also
imply that the general population in Taiwan may have
already had high body burden of plasticizers long before
the 2011 plasticizer incident.
Exposure assessment in pregnant women
In another study, serum and urine samples of 76 Taiwanese
pregnant women at second trimester were collected and
analyzed for the association between phthalate exposure
and thyroid hormones [15]. It was found that high median
levels of metabolites of phthalate, including monobutylphthalate (MBP, 81.8 ng/ml), monoethyl phthalate (MEP,
27.7 ng/ml), and mono ethylhexyl phthalate (MEHP,
20.6 ng/ml) were present in the urine of subjects. The
results also revealed significant mild negative correlations
between thyroxine (T4) and urinary MBP and between free
T4 and urinary MBP.
In addition, direct skin contact and inhalation of evap-
orated di-ethyl phthalate (DEP) from cosmetic products
may also be a risk factor of plasticizer exposure because
a subject who had worked as a cosmetologist for over 10
years had the highest urinary MEP level (5466 ppb) [15].
Health effects of phthalates
Phthalates are known environmental hormones or endo-
crine disruptors [16e20]. Because of their estrogenic and
antiandrogenic effects, phthalates have been shown to
prolong menstrual cycles and increase the proportion of
premature menopause in animal models [21,22]. Some
phthalates-associated adverse health effects in humans
have also been observed. These adverse effects, especially
those conducted in Taiwan, are discussed as follows.
Effects of phthalate exposure to fetus and
young children
Prenatal phthalate exposure can impair testicular function
and decrease ano-genital distance (AGD) amongmale infants
[23]. In a birth cohort of 300 newborns conducted in central
Taiwan, the testosterone levels of subjects decreased with
increasingphthalateexposures at theages of 0, 2, and5years
[24]. In addition, their prenatal exposure to phthalates was
associated with decreased pre-school activities inventory
(PSAI) scores at the age of 5 years and their feminine role was
associated with prenatal exposure to BBP and DiNP metab-
olites [24]. Another study further confirmed that higher
concentrations of dibutyl phthalate metabolites, mono-n-
butyl phthalate (MnBP) and mono-isobutyl phthalate (MiBP)
and their sum, were associated with a decreased (less
masculine) composite score in boys. A decreased masculine
score was also associated with higher concentrations of two
DEHP metabolites, mono-(2-ethyl-5-oxohexyl) phthalate
(MEOHP) and mono-(2-ethyl-5-hydroxyhexyl) phthalate
(MEHHP) and the sum of these DEHP metabolites plus MEHP
[25]. These findings suggest that some phthalates may alter
androgen-responsive brain development in humans.
Major effects of phthalates on females
In Taiwan, it has been found that girls with premature
thelarche had significantly higher levels of MMP
(96.5  134.0 ng/ml) than the normal controls
(26.4  30.0 ng/ml). The results suggest phthalates may be
one of the contributing factors for early puberty in Taiwa-
nese girls [26]. Recently the association of phthalate
exposures with endometriosis (EN), adenomyosis (AD), and
leiomyoma (LEI) was studied on 28 Taiwanese female
patients with confirmed pathologic EN, AD, and LEI. It was
found that patients with LEI had significantly higher levels
of total urinary MEHP than the controls, whereas patients
S20 J.-H. Li, Y.-C. Kowith EN had an increased level of urinary MBP [27].
Furthermore, participants whose urinary levels of total
MEHP were high and carried the glutathione S-transferase
(GST) M1 null genotype showed a significantly increased risk
for AD and LEI after adjustment for age, compared with
those of low urinary levels of total MEHP with GSTM1 wild-
type [27]. These results imply that a pregnant woman with
a high exposure and defective metabolism of phthalates
would be vulnerable to AD and LEI.
Major effects of phthalates on males
The semen samples of 45maleworkers, employed in two PVC
pellet plants in Taiwan, were collected and assessed for
sperm concentration, motility, morphology, and chromatin
DNA integrity. The results demonstrated an association
between DEHP concentration in ambient air and the adverse
effects in spermmotility and chromatin DNA integrity [28]. In
addition to decreased semen quality and sperm concentra-
tion, testicular dysgenesis syndrome, male reproductive
tract abnormalities and testicular cancer have also been
suggested to be associated with phthalate exposures [29].
Phthalate-related asthma
A correlation between phthalate exposures and asthma has
been observed by epidemiologic approaches [30e32]. One
plausible mechanism is that exposure to phthalate esters
can trigger the bronchial epithelium to produce inflamma-
tory cytokines interleukin-8 (IL-8) and regulated upon
activation, Normal T cell Expressed and presumably
Secreted (RANTES), which, in turn, contributes to airway
remodeling by increasing the migration and proliferation of
human bronchial smooth muscle cells [33]. In the same
study, bioactive components of ginger (Zingiber officinale),
including [6]-shogaol, [6]-gingerol, [8]-gingerol, and [10]-
gingerol, were found capable of suppressing phthalate
ester-mediated airway remodeling in human bronchial
epithelial cell culture systems [33].
Characterization of the plasticizer incident
From the above description, we may find the plasticizer
incident unique in at least two aspects if we compare it with
the previous major food safety issues. First, by contrast to
the causing agents in the previous major food safety issues
that could be detected only after an incident occurred, DEHP
was identified before the plasticizer incident broke out. For
instance, when the rice-bran oil incident [polychlorinated
biphenyls (PCBs) poisoning or Yu-Cheng] broke out onMay 21,
1979, the causing agent was totally unknown to the govern-
ment officials and experts [34]. Identification of PCB
contamination by instrumental analysis was performed only
on limited information of rice-bran oil used from a common
source: a local rice-bran oil company in Changhua County.
Such a difference can be attributed, at least in part, to the
rapid development of analytical instruments and methods
whose sensitivity can now detect tiny amounts of unknown
toxicants that could not bedetected decades ago. Second, as
summarized in this paper, some adverse effects have beenassociated with phthalate exposures. However, the exact
cause-effect relationship and health risks in humans due to
phthalate exposures are yet to be validated. Unlike previous
food safety incidents that could be easily identified from the
affected victims by their pathologic symptoms, the plasti-
cizer incident had no apparent patients and seemed victim-
less. But, on the other hand, we may have been victimized
becausephthalates canbedetected for a long time inmost, if
not all, people in Taiwan [13,15,24]. Thus, for toxicants with
chronic or delayed adverse effects, their toxicological
profiles, especially toxicokinetics and TDI for long-term
repetitive exposures, should be thoroughly examined.
Furthermore, phthalates, similar to PCBs, are a mixture of
compounds and their toxicity in sum total should beweighted
for their differential toxic effects. Therefore, the toxic
equivalent (TEQ) should also be established according to
their specific toxic equivalency factor (TEF).Conclusion and future direction
In the 2011 plasticizer incident, many food companies/
stores were severely affected. It has been estimated that
approximately $350 million (10 billion NT dollars) were at
the expenses of food industry in Taiwan [35]. The confi-
dence of general public on the food safety remains to be
restored. Although it is understandable that risk percep-
tions are different among the lay general public and
experts due to the unawareness and naivete´ of the general
public to a specific toxicant, the responsible agency, TFDA,
should elaborate on a more delicate plan of risk commu-
nications so that unnecessary panic of the public can be
eliminated or minimized [36,37].
Exposure to phthalates can cause a variety of health
effects, notably reproductive and developmental toxic-
ities. It may also result in allergic diseases or pose
a carcinogenic threat. Therefore, pregnant women/fetus
and children are the most vulnerable population. While it
is the responsibility of the TFDA and related agencies to
monitor more closely on the food safety issues, it also
reveals that an adulterated food product, as witnessed in
the plasticizer incident, may not be easily detected
through the routine official examinations. Although expo-
sure to phthalates has been related to several human
diseases, further research on safety assessment and
management is needed. Meanwhile, regulatory actions
such as establishment of official criteria of TDI for
phthalate (and other plasticizers) and food market
surveillance should be prioritized.
While an epidemiologic study may manifest an associa-
tion between phthalate exposures and a specific human
disease, it takes time to demonstrate such a link. To
facilitate the process, approaches with toxicogenomic
studies on phthalates for inferred human diseases, as shown
by a toxicogenomic study that the top three categories of
phthalate toxicity could be cardiotoxicity, hepatotoxicity,
and nephrotoxicity [38], may be of help from the viewpoint
of preventive medicine. On the other hand, food safety
issue has become a worldwide concern and early detection
of potential new toxicants in the foods is indispensable.
Therefore, it is imperative to establish an international
network for early warning or sentinel on food safety.
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